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( 57 ) ABSTRACT 
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capacitor on a first wafer ( or substrate ) that is then bonded 
to a second wafer to form an integrated decoupling capaci 
tor . Using wafer bonding means that the decoupling capaci 
tor can be added to the second wafer without having to take 
up space in the second wafer . In one embodiment , after 
bonding the first and second wafers , one or more vias are 
formed through the second wafer to establish an electrical 
connection between the decoupling capacitor and bond pads 
on a first surface of the second wafer . An electrical IC can 
then be flip chipped bonded to the first surface . As part of 
coupling the decoupling capacitor to the electrical IC , the 
decoupling capacitor is connected between the rails of a 
power source ( e.g. , VDD and VSS ) that provides power to 
the electrical IC . 
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INTEGRATED DECOUPLING CAPACITORS DESCRIPTION OF EXAMPLE EMBODIMENTS 

TECHNICAL FIELD Overview 

a Embodiments presented in this disclosure generally relate 5 One embodiment presented in this disclosure is a method 
to using wafer bonding to integrate a decoupling capacitor that includes forming a combination wafer by wafer bonding 
into a platform . a first side of a first wafer comprising an electrically driven 

component to a second wafer comprising a decoupling 
BACKGROUND capacitor , providing vias through the first wafer that elec 

10 trically connect the decoupling capacitor to bond pads 
Decoupling capacitors are commonly used for suppres disposed on a second side of the first wafer that is opposite 

sion of noise and are ideally placed as close as possible to the first side , and connecting the combination wafer to an 
the device requiring the decoupled signal . Placing the electrical integrated circuit ( IC ) using the bond pads on the 
decoupling capacitors close to the device minimizes the second side , where connecting the combination wafer to the 
amount of line inductance and series resistance between the 15 electrical IC electrically connects circuitry within the elec 
decoupling capacitor and the device . In some situations , a trical IC to the decoupling capacitor . Further , the circuitry in 

the electrical IC is configured to generate a drive signal for decoupling capacitor is connected between power rails ( e.g. , the electrically driven component in the first wafer . VDD and VSS ) used to power circuitry in an electrical Another embodiment herein is a combination wafer that 
integrated circuit ( IC ) . However , the decoupling capacitors 20 includes a second wafer comprising an electrically driven 
may be large to have sufficient capacitance but available real component and a first wafer comprising a decoupling 
estate within electrical ICs is often limited . As a result , capacitor where the first wafer and the second wafer are 
external decoupling capacitors are often used to add to the directly bonded along a wafer bond line . Further , the first 
capacitance provided by internal decoupling capacitors . wafer comprises a plurality of vias that electrically connect 
However , using external decoupling capacitors reduces their 25 the decoupling capacitor in the second wafer to bond pads 
effectiveness since they are typically much farther from the disposed on a first side of the first wafer that is opposite the 
circuitry relative to an internal decoupling capacitor . wafer bond line . 

Another embodiment herein is a platform that includes a 
BRIEF DESCRIPTION OF THE DRAWINGS first wafer portion comprising an electrically driven com 

30 ponent , a second wafer portion comprising a decoupling 
So that the manner in which the above - recited features of capacitor where the first wafer portion and the second wafer 

the present disclosure can be understood in detail , a more portion are bonded along a bond line and where the first 
particular description of the disclosure , briefly summarized wafer portion comprises a plurality of vias that electrically 
above , may be had by reference to embodiments , some of connect the decoupling capacitor portion to bond pads 
which are illustrated in the appended drawings . It is to be 35 disposed on a first side of the first wafer portion that is 
noted , however , that the appended drawings illustrate typical opposite the bond line . The platform also includes an 
embodiments and are therefore not to be considered limit electrical IC coupled to the bond pads . 
ing ; other equally effective embodiments are contemplated . Example Embodiments FIG . 1 illustrates bonding two wafers to form an inte 
grated decoupling capacitor , according to one embodiment Embodiments herein describe providing a decoupling described herein . capacitor on a first wafer ( or substrate ) that is then bonded FIGS . 2A and 2B illustrate coupling integrated decou to a second wafer to form an integrated decoupling capaci 
pling capacitors to drivers in electrical ICs , according to one tor . Using wafer bonding means that the decoupling capaci 
embodiment described herein . 45 tor can be functionally coupled to the second wafer without 

FIGS . 3A and 3B illustrate coupling integrated decou having to take up space in the second wafer . That is , the 
pling capacitors to drivers in electrical ICs , according to one second wafer may be an electrical IC or a photonic chip that 
embodiment described herein . includes various metal routing layers , electrical circuitry , 

FIGS . 4A - 4C illustrate a method for forming an inte- waveguides , optical modulators , optical detectors , and the 
grated decoupling capacitor , according to one embodiment 50 like . As a result , limited space in the second wafer may only 
described herein . permit forming internal decoupling capacitors with small 
FIGS . 5A and 5B illustrate a method for forming an capacitances . In the embodiments described below , how 

integrated decoupling capacitor , according to one embodi- ever , the decoupling capacitor in the first wafer can be 
ment described herein . formed with a large capacitance which might mean that 

FIGS . 6A - 6C illustrate a method for forming an inte- 55 external decoupling capacitors do not have to be used ( or at 
grated decoupling capacitor , according to one embodiment least , relied on less ) . 
described herein . In one embodiment , after bonding the first and second 
FIGS . 7A and 7B illustrate a method for forming an wafers to form a combination wafer , one or more vias are 

integrated decoupling capacitor , according to one embodi- formed through the second wafer to establish an electrical 
ment described herein . 60 connection between the decoupling capacitor and bond pads 

FIGS . 8-10 illustrate different types of decoupling capaci- on a first surface of the second wafer . An electrical IC can 
tors , according to one embodiment described herein . then be flip chipped bonded to the first surface . As part of 

To facilitate understanding , identical reference numerals coupling the decoupling capacitor to the electrical IC , the 
have been used , where possible , to designate identical decoupling capacitor is connected between the positive and 
elements that are common to the figures . It is contemplated 65 negative power rails of a power source ( e.g. , VDD and VSS ) 
that elements disclosed in one embodiment may be benefi- that provides power to the electrical IC . Because the decou 
cially used in other embodiments without specific recitation . pling capacitor is integrated with the combination wafer that 

40 
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is in turn flipped chipped bonded to the electrical IC , the generate control signals for performing optical modulation 
integrated decoupling capacitor may be located closer to the in the driven component 110. In another example , the 
circuitry in the electrical IC relative to using an external combination wafer 100 may be an electrical system ( without 
decoupling capacitor , thereby improving its effectiveness . any optical signals ) where the driver 210 generates control 

FIG . 1 illustrates bonding two wafers to form an inte- 5 signals for performing electrical modulation , operating a 
grated decoupling capacitor , according to one embodiment memory device , operating a processing element , or other 
described herein . The combination wafer 100 includes a first electrical circuitry disposed in the first wafer 105 . 
wafer 105 that is bonded to a second wafer 120. The first The DECAP 130 is electrically coupled between VSS and 
wafer 105 includes an electrically driven component 110 VDD , thereby suppressing noise in those power signals . 
that is controlled by a drive signal provided by a driver in an 10 Because the DECAP 130 was formed on a separate wafer , it 
electrical IC ( not shown ) . In one embodiment , the first wafer may have a larger capacitance than other internal or inte 
105 is a photonic wafer where the driven component 110 is grated capacitors in the combination wafer 100 ( e.g. , any 
an optical modulator or optical detector ( e.g. , an optical internal DECAPs in the second wafer ) and any internal 
device ) . The photonic wafer may be a silicon photonic chip DECAPs that may be in the electrical IC 205 . 
or a III - V photonic chip . In another embodiment , the first 15 In one embodiment , the power source 220 is wire bonded 
wafer 105 is an electrical IC where the driven component to the top surface of the combination wafer 100 in order to 
110 is circuitry that is coupled to circuitry in another introduce the VDD and VSS power signals into the wafer 
electrical IC ( not shown ) . 100. VDD and VSS are then connected to the power source 

In one embodiment , the second wafer 120 is a semicon- 220 at connection points 225 that are within the combination 
ductor wafer that includes a decoupling capacitor ( DECAP ) 20 wafer 100. That is , the combination wafer 100 can include 
130 disposed on a substrate 125. In later processing steps routing layers ( not shown ) so that the vias 230 connected to 
described below , the DECAP 130 coupled between the the DECAP 130 are electrically connected to the vias 230 
rails of a power source that delivers power for the electrical coupled to VSS and VDD . 
IC ( not shown ) containing a driver from driving the com- FIG . 2B is similar to FIG . 2A except that the DECAP 130 
ponent 110. The DECAP 130 can be used with other 25 is electrically connected to VDD and VSS in the electrical 
integrated DECAPs and external DECAPs . For example , the IC 205 as shown by the connections 260 , rather than in the 
first wafer 105 may also include internal DECAPs which can combination wafer 100. That is , the combination wafer 100 
be coupled between the rails of the same power source as the includes vias 270 for electrically connecting VDD , VSS , and 
DECAP 130 — i.e . , the capacitances are combined to form a the DECAP 130 to the driver 210 in the electrical IC 205 . 
larger , effective DECAP . In one embodiment , the second 30 However , instead of the combination wafer 100 include 
wafer 120 has multiple metal layers and via connections routing layers for electrically coupling VDD and VSS to the 
formed between the metal layers prior to bonding the second DECAP 130 , the electrical IC 205 includes routing layers for 
wafer 120 to the first wafer 105 . coupling VDD and VSS to the DECAP 130 . us , in this 

The first wafer 105 includes a bonding surface 115 and the embodiment , the vias 270 connected to the DECAP 130 are 
second wafer 120 includes a bonding surface 135 where 35 electrically insulated from the vias 270 connected to VDD 
wafer bonding is performed . In one embodiment , the bond- and VSS within the combination wafer 100 . 
ing surfaces 115 , 135 may be formed from an oxide or other Regardless whether the DECAP 130 is connected to VDD 
insulator suitable for wafer bonding . In another example , the and VSS in the combination wafer 100 ( as shown by the 
bonding surfaces 115 , 135 may include metal bond pads system 200 in FIG . 2A ) or in the electrical IC 205 ( as shown 
( e.g. , copper bond pads ) which are coupled together when 40 by the system 250 in FIG . 2B ) , the result is the same where 
performing wafer bonding . the DECAP 130 is electrically coupled between VDD and 

FIGS . 2A and 2B illustrate coupling integrated decou- VSS . In one embodiment , the DECAP 130 has a capacitance 
pling capacitors 130 to drivers 210 in electrical ICs 205 , sufficient to reduce current spikes when switching the driver 
according to one embodiment described herein . In FIG . 2A , 210 that can be as large as 1-3 amps . 
the electrical IC 205 is solder bonding ( e.g. , flipped chipped 45 FIGS . 3A and 3B illustrate coupling integrated decou 
bonded ) to a combination wafer 100 formed from bonding pling capacitors to drivers in electrical ICs , according to one 
the first wafer 105 to the second wafer 120. Although not embodiment described herein . FIG . 3A illustrates a system 
shown , the top surface of the combination wafer 100 may 300 similar to FIG . 2A except that the power source 220 is 
have bond pads used to formed solder bump connections to electrically coupled to the combination wafer 100 using a 
the electrical IC 205. These solder bump connections pro- 50 bottom surface rather than a top surface . For example , rather 
vide electrical connections between the driver 210 and the than wire bonding the power source 220 to the top surface , 
various components in the combination wafer 100 . the combination wafer 100 include through silicon vias 
As shown , the combination wafer 100 includes vias 230 ( TSVs ) 305 that extend through the substrate 125. However , 

that connect the various components in the combination the material of the substrate 125 is not limited to silicon and 
wafer 100 to external components . For example , the vias 55 can be any material that can provide structural support to the 
230 connect the DECAP 130 to a power source 220 and to combination wafer 100 and can include through vias — e.g . , 
the driver 210. Vias 230 can also be used to connect the the TSVs 305 . 
driver 210 to the driven component 110 so that the driver The TSVs 305 are coupled to solder bumps which are in 
210 can provide drive signals to the driven component 110 . turn coupled to VDD and VSS of the power source 220. In 
As shown , some of the vias 230 extend through a wafer bond 60 one embodiment , the power source 220 is disposed in an 
line 215 indicating where the first and second wafers form- interposer or printed circuit board ( PCB ) that is soldered to 
ing the combination wafer 100 were bonded . the bottom surface of the combination wafer 100. The 

In this example , the power source 220 provides power combination wafer 100 also includes vias 315 that connect 
( e.g. , DC power ) to the driver 210 , which in turn provides VDD , VSS , and the DECAP 130 to the driver 210 in the 
control or data signals ( e.g. , AC signals ) to the driven 65 electrical IC 205. In this example , the combination wafer 
component 110. For example , assuming the combination 100 can include a routing layer that electrical connects VDD 
wafer 100 is a photonic platform , the driver 210 may and VSS to the DECAP 130 within the combination wafer 
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100. The electrical connections between the DECAP 130 coupled to VDD and VSS ) , the vias 425 may include 
and VDD and VSS are represented by the connection points multiple parallel vias to reduce the resistance and the 
310 . inductance between the DECAP 130 and the circuitry in the 
FIG . 3B is similar to FIG . 3A except that the DECAP 130 electrical IC ( not shown ) . 

is electrically coupled to VDD and VSS within the electrical 5 The vias 430 extend from the top surface of the insulator 
IC 205 at the connection points 360 rather than in the 410 and electrical connect the driven component 110 either 
combination wafer 100. That is , the combination wafer 100 directly or indirectly using , e.g. , a metal routing layer . The 
can include one or more vias 370 ( and routing layers ) that vias 425 and 430 are coupled to respective bond pads 450 at 
connect VDD , VSS , and the DECAP 130 to the electrical IC the top surface of the insulator 410. The bond pads 450 
205 , but these vias 370 are insulated from each other so that 10 include a conductive material ( e.g. , a metal ) and provide a 
the DECAP 130 is not electrically connected to VDD and suitable contact point for solder bonding the combination 
VSS within the combination wafer 100. Instead , the elec- wafer 100 to an electrical IC . 
trical IC 205 can include routing layers that electrically In one embodiment , the combination wafer 100 is diced 
connect the DECAP 130 to VDD and VSS . or sawed to create multiple platforms . For example , the 
FIGS . 4A - 4C illustrate a method for forming an inte- 15 combination wafer 100 may contain tens or hundreds of the 

grated DECAP , according to one embodiment described same components illustrated in FIG . 4C . The combination 
herein . FIG . 4A illustrates wafer bonding the first wafer 105 wafer 100 can then be diced or sawed to form different wafer 
to the second wafer 120. In this example , the first wafer 105 portions ( e.g. , first wafer portions bonded to second wafer 
includes a substrate 405 which may be a semiconductor portions ) that are each attached to a respective electrical IC 
substrate ( e.g. , silicon or a III - V ) on which is disposed an 20 at the top surface of the insulator . That is , the combination 
insulator 410A containing the driven component 110 . wafer 100 can be diced into multiple portions , where each 
Although not shown here , the first wafer 105 may have been portion is formed by a first wafer portion bonded to a second 
subjected to multiple processing steps in order to form the wafer portion . FIG . 4C can illustrate one such portion of the 
driven component 110 within the insulator 410A . Further , combination wafer 100. These portions can then be then be 
while a single component 110 is shown in the insulator 25 bonded to respective electrical ICs before or after the 
410A , the first wafer 105 may have multiple optical or combination wafer 100 is diced or sawed . 
electrical components that are interconnected using wave- FIGS . 5A and 5B illustrate a method for forming an 
guides , traces , vias , or routing layers . As mentioned above , integrated DECAP 130 , according to one embodiment 
the first wafer 105 may be photonic wafer or an electrical described herein . FIG . 5A illustrates a first wafer 105 that 
wafer . 30 includes the substrate 405 on which the insulator 410A is 

The second wafer 120 includes the DECAP 130 embed- disposed ( similar to the first wafer 105 illustrated in FIG . 
ded within an insulator 410B . Using a wafer bonding 4A ) . In addition to including the driven component 110 , the 
process , the insulator 410A is bonded the insulator 410B insulator 410A also includes vias 510. In one embodiment , 
to form a single bonded wafer ( i.e. , a combination wafer ) . In the vias 510 extend from an internal layer ( e.g. , a metal 
one embodiment , the insulators 410A and 410B are the same 35 routing layer ) in the first wafer 105 to a bottom surface of the 
materiale.g . , an oxide . Further , the embodiments are not first wafer 105 . 
limited to any particular oxide - oxide wafer bonding process FIG . 5A also includes a second wafer 120 that includes 
or material . the DECAP 130 disposed on the substrate 125. The insulator 

The result of bonding the wafers 105 and 120 is illustrated 410B in FIG . 5A includes vias 560 that extend from the 
in FIG . 4B where the insulator 410A and 410B has now been 40 DECAP 130 ( or a routing layer coupled to the DECAP 130 ) 
combined into a continuous insulator 410 as part of the to a top surface of the second wafer 120 . 
wafer bonding process . The original interface between the When bonding the first wafer 105 to the second wafer 
two wafers is illustrated by the wafer bond line 215 . 120 , the vias 510 are aligned to the vias 560 so that metallic 

In one embodiment , the second wafer 120 is a handler connections of the vias 510 and 560 are brought into contact 
wafer ( or a bulk wafer ) that provides additional support to 45 and form an electrical connection . Bonding the insulators 
the components in the first wafer 105. FIG . 4B also illus- 410A and 410B and bonding the vias 510 and 560 is referred 
trates removing the substrate 405 from the first wafer 105 as to as a metal - metal / oxide - oxide wafer bond . In one embodi 
shown by the arrow 420 , while the substrate 125 continues ment , the metallic connections of the vias 510 and 560 being 
to provide support to the combination wafer 100. The bonded at the bond line are copper thereby forming a 
substrate 405 can be removed using any removal process 50 Cu - Cu / oxide - oxide wafer bond . The remaining portions of 
such as chemical mechanically polishing ( CMP ) , wafer the vias 510 and 560 may include other materials besides 
grinding / thinning , or reactive ion etching ( RIE ) . Removing copper . Further , copper is just one example of a material 
the substrate 405 exposes a top surface of the insulator 410 suitable for bonding the vias 510 and 560 and other con 
for further processing steps . ductive materials can be used . 
FIG . 4C illustrates forming vias 425 and 430 through the 55 FIG . 5B illustrates the result of performing the metal 

insulator 410 of the combination wafer 100. The vias 425 metal / oxide - oxide wafer bond in FIG . 5A at the bond line 
extend through the first wafer 105 , the bond line 215 , and 570. As shown , the vias 510 are electrically connected to the 
connect to the DECAP 130. While the vias 425 are shown vias 560. Moreover , the insulators 410A and 410B are joined 
connecting to the DECAP 130 directly , in other embodi- to form a continuous insulator 410 . 
ments , the vias 425 may connect to a routing layer which is 60 Once bonded , a substrate removal process is used to 
in turn connected to the DECAP 130. The vias 425 are used remove the substrate 405. This process can use any of the 
to connect the DECAP 130 to the electrical IC ( not shown ) techniques described above in FIG . 4B . Removing the 
that is coupled to the top surface in later processing steps . In substrate 405 exposes a top surface of the insulator 410. The 
one embodiment , the distance from the DECAP 130 to the vias 580 and 590 are also formed ( which may be done after 
top surface of the first wafer 105 ( which may be the length 65 the substrate 405 has been removed ) . The vias 580 connect 
of the vias 425 ) is around 10-20 microns . Moreover , which the top surface of the insulator 410 to the vias 510 , and as 
FIG . 4C illustrates two vias 425 ( which can be respectively a result , the vias 580 are electrically connected to the 
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DECAP 130. In this manner , some of the vias used to 410. In this manner , the platform illustrated in FIG . 6C can 
connect the top surface of the insulator 410 to the DECAP be connected to an electrical IC using the arrangements 
130 can be formed before wafer bonding is performed . After shown in FIG . 3A . However , in another embodiment , the 
wafer bonding is performed , the vias 580 can be formed to vias 605 in the substrate 125 may bypass the DECAP 130 
complete the electrical connection between the DECAP 130 5 and instead connect to vias that couple the power source 220 
and the top surface of the insulator 410. While FIG . 5B to the top surface of the electrical IC as shown in FIG . 3B . 
illustrates the vias 580 , 510 , and 560 being directly con- The vias 610 can then be used to route the power from the 
nected , these vias may be indirectly connected using one or electrical IC to the DECAP 130. Thus , while FIG . 6A - 6C 
more routing layers . illustrates that the vias 605 in the substrate 125 are con 

The vias 590 , on the other hand , connect the top surface 10 nected to the DECAP 130 directly , this is not a requirement . 
of the insulator 410 to the driven component 110. Although FIGS . 7A and 7B illustrate a method for forming an 
not shown , the vias 580 and 590 can include bond pads for integrated decoupling capacitor , according to one embodi 
electrically connecting the combination wafer 100 to an ment described herein . FIG . 7A illustrates first and second 
electrical IC . wafers 105 and 120 with similar components as the first and 
FIGS . 6A - 6C illustrate a method for forming an inte- 15 second wafers illustrated in FIG . 5A except that the second 

grated DECAP 130 , according to one embodiment described wafer 120 in FIG . 7A includes vias 605 which extend at least 
herein . The first wafer 105 in FIG . 6A has the same partially into the substrate 125. Like in FIG . 5A , the first and 
arrangements as the first wafer 105 in FIG . 4A . The second second wafers 105 and 120 in FIG . 7A can be bonded using 
wafer 120 however is different from the second wafers a metal - metal / oxide - oxide wafer bond . 
illustrated in FIGS . 4A and 5A . In this example , the substrate 20 FIG . 7B illustrates a combination wafer 100 that is similar 
125 includes two vias 605 which connect one side to the to the combination wafer 100 in FIG . 5B except with the 
DECAP 130 and extend partially through the substrate 125 . addition of the vias 605 and the solder bumps 620 which 
While in this example the vias 605 do not extend completely electrical connect the bottom of the combination wafer 100 
through the substrate 125 , in other embodiments , the vias to the power source 220. Thus , unlike in FIG . 5B where the 
605 can extend completely through the substrate 125 . 25 combination wafer 100 may receive power via the top 
As discussed above , an oxide - oxide wafer bonding is surface , in FIG . 7B the combination wafer 100 receives 

performed by bonding the insulator 410A of the first wafer power via its bottom surface which may be coupled to a PCB 
105 to the insulator 410B of the second wafer 120 . or interposer . Further , the vias 510 , 560 , 580 , and 605 in 

In one embodiment , the methods illustrated in FIGS . FIG . 7B can be connected according to FIG . 3A or 3B . That 
4A - 4C and 5A - 5B correspond to the arrangement in FIGS . 30 is , these vias can be connected so that the DECAP 130 
2A and 2B where power is delivered to the electrical IC and receives the power from the power source 220 before the 
the DECAP 130 using connections the top surface of the power is routed to the electrical IC ( as illustrated in FIG . 3A ) 
combination wafer 100. For example , the vias 425 in FIG . or the DECAP 130 can receive the power from the electrical 
4C may route electrical power from the electrical IC to the IC ( as illustrated in FIG . 3B ) . 
DECAP 130 similar to the arrangement shown in FIG . 2B . 35 FIGS . 8-10 illustrate different types of DECAPs , accord 
In another embodiment , the vias 425 may be connected via ing to one embodiment described herein . FIG . 8 illustrates a 
a routing layer to other vias in the combination wafer that are DECAP 130A that uses a metal oxide semiconductor capaci 
connected to VDD and VSS similar to the arrangement tor ( MOSCAP ) structure . The DECAP 130A includes a first 
illustrated in FIG . 2A . Similar connections as shown in electrode 810 , a gate 815 , and a second electrode 820. The 
FIGS . 2A and 2B can be made using the vias 510 , 560 , and 40 first electrode 810 and the gate 815 are embedded within an 
580 illustrated in FIG . 5B . insulator 805 ( e.g. , the insulator 410 discussed above ) . The 
FIG . 6B illustrates the result of performing the wafer first electrode 810 may be formed from a metal or a heavily 

bonding in FIG . 6A . The resulting combination wafer 100 is doped material ( e.g. , doped polysilicon ) . In general , the first 
the same as in FIG . 4B where the insulators 410A and 410B electrode 810 can be any conductive material . The gate 815 
are combined to form one continuous insulator 410. Further , 45 can be any insulative material that electrically isolates the 
the substrate 405 has been removed . first and second electrodes 810 and 820 , thereby forming the 

The combination wafer 100 is further processed in FIG . capacitance of the DECAP 130A . In one embodiment , the 
6C to add the vias 610 and 615 as well as connecting the vias gate 815 is a dielectric material such as oxide , SiN or high 
605 in the substrate 125 to the power source 220. The vias K dielectric materials such as HfO2 . Further , the thickness 
610 connect the top surface of the insulator 410 to the 50 of the gate 815 can be optimized for the specific application 
DECAP 130 either directly or indirectly using , e.g. , a routing of the DECAP 130A . 
layer . Further , the vias 615 connect the top surface of the The second electrode 820 is formed in the substrate 125 . 
insulator 410 to the driven component 110 . Because a voltage potential is applied to the second elec 

In one embodiment , some of the substrate 125 is removed trode 820 ( e.g. , either VSS or VDD ) , it may be desired that 
so that the vias 605 are exposed at a bottom surface of the 55 the second electrode 820 is electrically isolated from the 
combination wafer 100. Bond pads can then be formed and remainder of the substrate 125 via an isolation region 825 . 
are used to connect the DECAP 130 to the power source 220 In one embodiment , the second electrode 820 is made from 
using solder bumps 620. For example , the solder bumps 620 the same material as the substrate 125 ( e.g. , a semiconductor 
may physically and electrically connect the combination such as silicon ) . The second electrode 820 may be heavily 
wafer 100 to a PCB or interposer ( not shown ) that includes 60 doped to serve as a conductive electrode for the DECAP 
various layers for routing electrical power from the power 130A . 
source 220 to the vias 605 and to the DECAP 130 . The DECAP 130A is also compatible with the methods 

In one embodiment , the vias 605 and the solder connec- illustrated in FIGS . 4 and 5 where the platform receives 
tions provide an electrical connection between the power power via a top surface , and in FIGS . 6 and 7 where the 
source 220 and the DECAP 130. In turn , the vias 610 65 platform receives power via a bottom surface . That is , the 
provide an electrical connection between the DECAP 130 DECAP 130A can be coupled either directly or indirectly via 
and an electrical IC mounted onto the top of the insulator a routing layer to vias that extend up through the insulator 
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805 until reaching a top surface or down through the cussed above ) before the wafer is bonded to another wafer 
substrate 125 until reaching a bottom surface . ( e.g. , the first wafer 105 ) . As a result , the fabrication steps 
FIG . 9 illustrates a DECAP 130B with a 3D micro- used to form the DECAPs 130A - C are not limited by the 

electromechanical system ( MEMS ) structure . The DECAP components that may be in the other wafer . For example , the 
130B includes a first electrode 910 , a gate 915 , and a second 5 first wafer 105 may include components that are sensitive to 
electrode 920. At least some portions of the first electrode temperature . Thus , forming the DECAPs 130A - C in the 
910 and the gate 915 are embedded within an insulator 905 same wafer that includes temperature sensitive components 
( e.g. , the insulator 410 discussed above ) while other portions can limit the temperatures used to form the DECAPs 130A 
are embedded in the substrate 125. The first electrode 910 C. However , by forming the DECAPs 130A - C separately , 
may be formed from a metal or a heavily doped material 10 the fabrication process is not limited by sensitive compo 
( e.g. , doped polysilicon ) . In general , the first electrode 910 nents . 
can be any conductive material . In the current disclosure , reference is made to various 

The gate 915 can be any insulative material that electri- embodiments . However , the scope of the present disclosure 
cally isolates the first and second electrodes 910 and 920 , is not limited to specific described embodiments . Instead , 
thereby forming the capacitance of the DECAP 130B . In this 15 any combination of the described features and elements , 
embodiment , the gate 915 and the first electrode 910 form a whether related to different embodiments or not , is contem 
square tooth pattern that may increase the overall contact plated to implement and practice contemplated embodi 
area relative to using the MOSCAP structure of DECAP ments . Additionally , when elements of the embodiments are 
130A in FIG . 9. As a result , for the same space , the DECAP described in the form of at least one of A and B , ” it will be 
130B may have increased capacitance relative to the 20 understood that embodiments including element A exclu 
DECAP 130A . sively , including element B exclusively , and including ele 

The second electrode 920 is formed in the substrate 125 . ment A and B are each contemplated . Furthermore , although 
Because a voltage potential is applied to the second elec- some embodiments disclosed herein may achieve advan 
trode 920 ( e.g. , either VSS or VDD ) , it may be desired that tages over other possible solutions or over the prior art , 
the second electrode 920 be electrically isolated from the 25 whether or not a particular advantage is achieved by a given 
remainder of the substrate 125 via an isolation region 925 . embodiment is not limiting of the scope of the present 
In one embodiment , the second electrode 920 is made from disclosure . Thus , the aspects , features , embodiments and 
the same material as the substrate 125 ( e.g. , a semiconductor advantages disclosed herein are merely illustrative and are 
such as silicon ) . not considered elements or limitations of the appended 

The DECAP 130B is also compatible with the methods 30 claims except where explicitly recited in a claim ( s ) . Like 
illustrated in FIGS . 4 and 5 where the platform receives wise , reference to the invention ” shall not be construed as 
power via a top surface and in FIGS . 6 and 7 where the a generalization of any inventive subject matter disclosed 
platform receives power via a bottom surface . That the herein and shall not be considered to be an element or 
DECAP 130B can be coupled either directly or indirectly via limitation of the appended claims except where explicitly 
a routing layer to vias that that extend up through the 35 recited in a claim ( s ) . 
insulator 905 until reaching a top surface , or down through In view of the foregoing , the scope of the present disclo 
the substrate 125 until reaching a bottom surface . sure is determined by the claims that follow . 
FIG . 10 illustrates a DECAP 130C implemented as a 

metal - insulator - metal capacitor ( MIMCAP ) . The DECAP We claim : 
130C includes a first electrode 1010 , a gate 1015 , and a 40 1. A method , comprising : 
second electrode 1020. In this example , the first electrode forming a combination wafer by wafer bonding a first side 
1010 , the gate 1015 , and the second electrode 1020 are of a first wafer comprising an electrically driven com 
embedded within an insulator 1005 ( e.g. , the insulator 410 ponent to a second wafer comprising a decoupling 
discussed above ) . Thus , unlike in FIG . 8 where the second capacitor ; 
electrode is part of ( or embedded within ) the substrate 125 , 45 providing vias through the first wafer that electrically 
in FIG . 10 the second electrode 1020 is formed above the connect the decoupling capacitor to bond pads disposed 
substrate 125 . on a second side of the first wafer that is opposite the 
The first and second electrodes 1010 , 1020 may be formed first side ; and 

from a metal or a heavily doped material ( e.g. , doped connecting the combination wafer to an electrical inte 
polysilicon ) . In general , the first and second electrodes 1010 , 50 grated circuit ( IC ) using the bond pads on the second 
1020 can be any conductive material . The gate 1015 can be side , wherein connecting the combination wafer to the 
any insulative material that electrically isolates the first and electrical IC electrically connects circuitry within the 
second electrodes 1010 and 1020 , thereby forming the electrical IC to the decoupling capacitor , 
capacitance of the DECAP 130C . wherein the circuitry in the electrical IC is configured to 

The DECAP 130C is also compatible with the methods 55 generate a drive signal for the electrically driven com 
illustrated in FIGS . 4 and 5 where the platform receives ponent in the first wafer . 
power via a top surface and in FIGS . 6 and 7 where the 2. The method of claim 1 , wherein performing wafer 
platform receives power via a bottom surface . That is , the bonding comprising : 
DECAP 130C can be coupled either directly or indirectly via directly bonding an insulator at the first side of the first 
a routing layer to vias that that extend up through the 60 wafer to an insulator of the second wafer . 
insulator 1005 until reaching a top surface , or down through 3. The method of claim 2 , wherein providing the vias 
the substrate 125 until reaching a bottom surface . Further , a comprises : 
MIMCAP can also be made using multiple metal / insulator / forming , after performing wafer bonding , first vias 
metal layers ( not shown ) and can be stacked on each other extending through the first wafer to couple the decou 
to increase capacitance per unit area . pling capacitor to the second side of the first wafer . 

In one embodiment , the DECAPs 130A - C in FIGS . 8-10 4. The method of claim 3 , wherein the decoupling capaci 
are formed in the wafers ( e.g. , the second wafer 120 dis- tor is coupled to second vias in the second wafer that extend 
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in a direction away from the first wafer , wherein the second 9. A method , comprising : 
vias are electrically connected to the first vias . forming a combination wafer by wafer bonding a first side 

5. The method of claim 4 , wherein performing wafer of a first wafer comprising an electrically driven com bonding comprises : ponent to a second wafer comprising a decoupling directly bonding a first plurality of metallic connections in capacitor ; the insulator of the first wafer to a second plurality of 
metallic connections in the insulator of the second providing vias through the first wafer that electrically 
wafer , wherein the first vias are coupled to the first connect the decoupling capacitor to bond pads disposed 
plurality of metallic connections and the second vias on a second side of the first wafer that is opposite the 
are coupled to the second plurality of metallic connec first side ; and 
tions . connecting the combination wafer to an electrical inte 

6. The method of claim 1 , wherein the decoupling capaci- grated circuit ( IC ) using the bond pads on the second 
tor is coupled between a positive power rail and a negative side , wherein connecting the combination wafer to the 
power rail , wherein the positive power rail and the negative electrical IC electrically connects circuitry within the 
power rail are coupled to the circuitry in the electrical IC . electrical IC to the decoupling capacitor , 

7. The method of claim 6 , wherein the negative power rail wherein the circuitry in the electrical IC is configured to and the positive power rail are coupled to the combination generate a drive signal for the electrically driven com wafer via the bond pads disposed at the second side of the ponent in the first wafer , first wafer . wherein the second wafer is a semiconductor wafer and 8. The method of claim 6 , wherein the negative power rail 
and the positive power rail are coupled to the combination the first wafer comprises a photonic chip , where the 
wafer at a bottom surface of the second wafer that is electrically driven component comprises an optical 
opposite a top surface of the second wafer that was bonded modulator in the photonic chip . 
to first side of the first wafer . 
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